
[CANCER RESEARCH 48, 4078-4082, July 15, 1988]

Expression of Neuroendocrine Cell Markers L-Dopa Decarboxylase, Chromogranin

A, and Dense Core Granules in Human Tumors of Endocrine and Nonendocrine
Origin1

Adi F. Gazdar,2 Lee J. Helman, Mark A. Israel, Edward K. Russell, R. Ilona Linnoila, James L. Mulshine,
Hildegard M. Schuller, and Jae-Gahb Park3

NCI-Navy Medical Oncology [A. F. G., E. K. R., R. 1. L.. J. L. M.J and Pediatrie Oncology Branches [L. J. H., M. A. I.], National Cancer Institute and Naval Hospital,
Bethesda, Maryland 20814, and the University of Tennessee [H. M. S.], Knoxville, Tennessee 37901

ABSTRACT

We evaluated the usefulness of L-dopa decarboxylase (DIX) as a
tumor marker of neuroendocrine (NE) cell differentiation by measuring
its expression in 432 human tumors of diverse types and origins. A subset
of these tumors and cell lines derived from them also were studied for
expression of two other general NE cell markers, chromogranin A (CgA)
and dense core granules (!)((.). High concentrations of DDC were
present in 96 of 117 (82%) tumors recognized to be of NE or neural
origin. As expected, endocrine tumors not recognized to be of NE cell
origin, as well as leukemias, lymphomas, sarcomas, melanomas, and
germ cell tumors, lacked DDC expression. Of interest, modest concen
trations of DDC were present in 46 of 220 (21%) nonendocrine carcino
mas, especially non-small cell lung and colorectal carcinomas. We studied
concordant expression of the three NE cell markers in lung and colorectal
tumors and cell lines. In both tumor types there was nearly 100%
concordance between CgA and DCG expression. There was an excellent
correlation between DDC and CgA expression in lung cancers, both small
cell and non-small cell, but DDC positive colorectal carcinomas usually
lacked CgA expression. We conclude: (a) DDC is an excellent cellular
marker for tumors of the NE cell system; (b) about 20% of carcinomas
not of NE cell origin, especially non-small cell lung and colorectal
carcinomas, express DDC, suggesting a common endoderma! origin of
all of the respiratory and gastrointestinal mucosa! cells; and (<_â€¢)CgA and

DCG are expressed concordantly, indicating that CgA expression may
be used as a substitute for ultrastructural examination of tumors for DCG
expression.

membrane and having dense cores (dense core granules).
Many neurons and ganglion cells of the central and peripheral

nervous systems also express similar properties but utilize the
peptide and amine products as neurotransmitters. Other fea
tures common to endocrine and neural cells have been described
more recently. These include neuron specific enolase (an acidic
isoenzyme of the glycolytic enzyme enolase), chromogranin A
(a matrix protein present in the storage granules), and the
natural killer cell associated antigen Leu-7 (3-6). The term
neuroendocrine has gradually replaced APUD, signifying the
close association between the neural and endocrine systems.

More than 30 peptide and amine products have been associ
ated with NE cells and they help to identify the specific NE cell
types and the tumors derived from them. Certain NE tumors,
especially small cell lung carcinoma, may produce and secrete
multiple peptides (7, 8). However, the general NE markers (i.e.,
properties common to all NE cells) help identify this form of
differentiation and are markers for all NE cells and tumors.
We have used expression of DDC, a general NE cell marker,
to determine the incidence of NE differentiation in a large panel
of human tumors of endocrine and nonendocrine types. Because
of the unexpected finding of DDC expression in 20% of certain
nonendocrine carcinomas, we correlated expression of DDC
with that of the other general NE cell markers, CgA and DCG.

INTRODUCTION

Approximately 20 years ago Pearse (1, 2) identified a group
of endocrine cells sharing multiple morphological and biochem
ical features. He named them APUD4 cells (an acronym for

amine precursor uptake and decarboxylation) because of their
amine handling properties. The predominant function of
APUD cells is the synthesis, packaging, and secretion of small
peptide hormones and biogenic amines. While the link between
peptides and amines is not understood, one of the key APUD
cell properties is the presence of the enzyme aromatic-L-amino-
acid decarboxylase (EC 4.1.1.28), which is essential for the
formation of both serotonin and catecholamines. Because its
substrate of preference is L-dopa, it is frequently referred to as
L-dopa decarboxylase. The APUD cell products, both amine
and peptide, are stored in cytoplasmic granules bound by a unit
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MATERIALS AND METHODS

Representative samples of surgically resected tumors were frozen at
â€”70Â°Cuntil analyzed. The histolÃ³gica!diagnoses of most tumors were

confirmed by one of the authors (A. F. G.). All cell lines were initiated,
maintained, and characterized by us as previously described (9).

DDC assays were performed by a modification (10) of a previously
published method (11). In brief, tumor and culture homogenates were
clarified and frozen at â€”70Â°Cuntil analyzed. Enzyme activity was
determined by measurement of 14CO2release from [carboxy^C]-^-
beled L-dopa. One unit of enzyme activity is defined as 1 nmol of
'"CGVh/mg soluble protein.

The methodogy for analysis of CgA mRNA is described in detail
elsewhere.5 Briefly, total RNA was extracted from tumors and cell lines
using guanidine thiocyanate. RNA was size fractionated on 1% agarose-
formaldehyde gels and transferred to Nytran membranes. Each lane
was loaded with 10 Â¿igof total RNA. The membranes were hybridized
according to the manufacturer's instructions. A 2.1-kilobase /'.vil frag

ment containing the entire coding sequence for human CgA cloned into
puc 9 was used in Northern blot hybridizations. The plasmid was nick-
translated with [32P]dCTP to a specific activity of >1 x 10" cpm/mg.

For transmission electron microscopy, small pieces of tumor tissue
or cell pellets were fixed in 2% glutaraldehyde in 0.1 M cacodylate for
1 h, dehydrated in graded ethanols, and embedded in epoxy resin. Thin
sections were stained with uranyl acetate and lead citrate and examined
with a JEOL 1OOCXelectron microscope.

5 L. J. Helman, T. G. Ann, A. Allison, M. A. Levine, and M. A. Israel. Cloning

and sequence of human chromogranin A, submitted for publication.
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RESULTS

DDC Expression in Tumors. The results of our analysis of
DDC expression in 432 human tumors are presented in Table
I. Of 117 tumors of known or suspected NE origin, 96 (82%)
expressed relatively high concentrations of DDC. Certain other
endocrine tumors consistently lacked enzyme activity: parathy
roid tumors, thyroid tumors other than medullary carcinoma,
adrenocortical tumors, and granulosa/theca cell tumors of the
ovary. Surprisingly, 20% of nonendocrine carcinomas ex
pressed DDC, although usually at lower concentrations than
NE tumors. The majority of these were NSCLC lung carcino
mas (12%) and colorectal carcinomas (51%). Two of 13 geni
tourinary tumors were positive, representing two of six renal
cell carcinomas. Of the remaining 75 tumors of other miscel
laneous types (mainly of mesodermal origin), only one tumor
(a melanoma) expressed DDC. All 42 leukemias/lymphomas
were negative.

Concordant Expression of DDC and Other NE Markers. We
further explored NE differentiation in NSCLC and colorectal
carcinomas by determining the degree of concordance of 3
general NE markers, DDC, CgA, and DCG (Tables 2 and 3).
Because relatively few unfrozen tumor samples were available
for ultrastructural examination, we supplemented their num

bers with cell lines. There was excellent correlation between
DDC and CgA in bronchial carcinoids and in SCLC and
NSCLC tumors (Table 2; Figs. 1 and 2). However, there was
little correlation in colorectal carcinomas (31%). Of 24 colorec
tal tumors and lines expressing DDC, only one expressed CgA
(one additional tumor expressed CgA but lacked DDC). In
contrast, there was excellent concordance (98%) between
expression of CgA and DCG in all tumor types examined (Table
3). Examples of DCG expression in endocrine and nonendo
crine cell lines are illustrated in Fig. 2.

DISCUSSION

Studies of surface antigen expression and gene re
arrangements have greatly aided our understanding of hema-
topoietic and lymphatic malignancies, and in some centers they
are routinely used for diagnostic purposes (12, 13). While
histopathological examination of tumor specimens remains the
major method of tumor diagnosis, biochemical and molecular
genetic methods may be expected to have a major impact on
solid tumor diagnosis and subtyping. We have applied such
methods to the identification of tumors expressing NE cell
differentiation.

Our studies clearly demonstrate that DDC expression is a

Table 1 L-Dopa decarboxylase expression in 432 human tumors

TumortypeNeuroendocrine

andneuralBronchial
carcinoidsCarotid

bodytumorsEsthesioneuroblastomaGanglioneuroblastomaGastrointestinal

carcinoidsIslet
celltumorsMedullary

thyroidcarcinomasMerkel
celltumorsNeuroblastomasPheochromocytomasPituitary

adenomasSCLCOther

endocrineAdrenocortical
adenomas andcarcinomasOvary

(granulosa/thecacell)Parathyroid
adenomas andcarcinomasThyroid

(other thanmedullary)Nonendocrine

carcinomasNSCLC
lungAdenocarcinomaLarge

cellSquamous
cellOtherColorectalStomachAnalBreastEsophagusGenitourinaryHead

andneckSkinOtherLeukemias/lymphomasGerm

celltumorsGlioblastomasMelanomasMeningiomasMesotheliomasSarcomas

(miscellaneous)ThymomasNo.

positive/
no.tested96/1177/72/20/11/16/79/1213/162/25/712/142/337/450/200/40/20/90/546/22013/1059/474/240/270/728/551/40/11/110/42/130/80/41/750/420/50/31/90/20/30/80/3%821001000100867581100718667820211219175125915111Mean

value"

of positives
(units/mg)863151273811017146144791521104713151712112714151515Range"(units/mg)6-103585-103583-17123-82270-4208-122119-1698-24392-413104-1166-3802-462-462-185-1811-2711-19

" Values of DDC greater than 1 unit/mg soluble protein were considered positive. However, because normal lung and colonie mucosae frequently expressed low

levels of enzyme activity (usually below 3 units/mg), primary tumors at these sites were considered positive only if their values exceeded 3 units/mg (this did not apply
to colon and lung tumors metastatic to distant sites).

4079

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2431895/cr0480144078.pdf by guest on 19 M

ay 2023



NEUROENDOCRINE MARKERS IN HUMAN TUMORS

Table 2 Concordant expression ofDDC and CgA in human tumors and cell lines
Because patterns of marker expression in tumors and cell lines were similar,

the data were pooled.

TumortypeSCLC(T,
2;CL, 12)*

Carcinoids (T, 4; CL, 3)
NSCLC (T, 12;CL, 13)
Colorectal carcinomas (T.

21; CL, 14)No.

expressing
DDC/total12/14

6/7
5/25

24/35No.

expressing
CgA/total13/14

6/7
6/25
2/35Concordance"13/14(93)5/7(71)

22/25 (88)
11/35(31)

Total 51/81(63)
â€¢'Both markers present or absent in a particular tumor or cell line. Numbers in

parentheses, percentage.
* T. tumors; CL. cell lines.

Table 3 Concordant expression of CgA and DCG in human tumors and cell lines
Because patterns of marker expression in tumors and cell lines were similar,

the data were pooled.

TumortypeSCLC(T,
2;CL, 12)*

Carcinoids (T, 2; CL, 3)
NSCLC (T. 0; CL, 13)
Colorectal carcinomas (T,

0; CL, 14)No.

expressing
CgA/total11/14

5/5
4/13
1/14No.

expressing
DCG/total10/14

5/5
4/13
1/14Concordance"13/14(93)

5/5 (100)
13/13(100)
14/14(100)

" Both markers present or absent in a particular tumor or cell line. Numbers in

parentheses, percentage.
* T. tumors: CL. cell lines.
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Fig. 1. Expression of CgA mRNA in human tumors. Ten /ig of total RNA
from the tumors listed were analyzed for expression of CgA. The colon carcinoid,
small cell lung carcinoma, and one each (of two) of the colon and lung adenocar-
cinomas express the 2.1-kilobase IAM chromogranin A message. The message
intensity in the colon carcinoid cell line is so great that it appears as a smear. The
CgA expressing colon carcinoid. lung adenocarcinoma, and small cell carcinoma
were examined ultrastructurally and all 3 contained DCG (the colon adenocarci-
nomas were not examined ultrastructurally).

useful marker for identifying tumors of NE cell lineage. Over
80% of tumors of known or suspected NE or neural origin
expressed relatively high concentrations of the enzyme. These
tumors included medullary thyroid carcinomas, Carcinoids,
SCLC, islet cell tumors, and pheochromocytomas. Because only
some of the cells of the anterior pituitary express NE properties
(2), it may be predicted that pituitary adenomas will demon
strate heterogeneity of DDC expression. Neuroblastomas are
adrenergic tumors arising from the adrenal medulla and sym
pathetic chain (14). Because DDC is required for catecholamine
production, neuroblastomas, as expected, express the enzyme.
However, certain neural tumors histologically similar to neu
roblastomas express cholinergic properties. These tumors have
been termed neuroepitheliomas (14, 15) and probably include
esthesioneuroblastomas. Because DDC expression is not a
property of cholinergic neurons, neuroepitheliomas are not
expected to express DDC. The single esthesioneuroblastoma in
our series lacked DDC expression. Neuroepithelioma cell lines
also lack DDC expression.6 While we had no pinealomas in

our series, they are derived from NE cells (16) and would be
expected to express DDC. Other reasons for lack of DDC
expression in 18% of NE tumors may be incorrect histolÃ³gica!
diagnoses, tumor necrosis, sampling errors, and tumor hetero
geneity.

An inverse relationship has been described in medullary
thyroid carcinoma between DDC levels and calcitonin, suggest
ing that highly differentiated, slow growing tumors have low
DDC levels (17). While the data from Baylin and Mendelsohn
(17) refer, of course, to the inverse relationship between DDC
expression and the degree of differentiation within a single
tumor type, we noticed no relationship between the degree of
differentiation and malignant potential of different tumor types.
Thus the relatively well differentiated medullary thyroid carci
nomas had the same mean concentrations as poorly differen
tiated SCLC tumors. Furthermore, the relatively well differen
tiated and slow growing bronchial carcinoids and islet cell
tumors expressed the highest concentrations of DDC.

As expected, certain endocrine tumor types lacked DDC
expression. These tumors included parathyroid tumors, thyroid
tumors other than medullary carcinoma, and steroid secreting
tumors of the adrenal glands and gonads. The NE cell status of
the parathyroid glands is ambiguous as they lack DDC but
express CgA (5, 18). The other endocrine tumors lacking DDC
are not of known NE origin. Melanoma, a tumor originally
included by Pearse (2) in his APUD cell series lacked DDC.
Melanomas also lack DCG and CgA and do not appear to be
of NE origin. In addition, 55 tumors of mesoderma! origin
(including lymphomas, leukemias, sarcomas, mesotheliomas,
and meningiomas) lacked DDC expression. Five germ cell
tumors also lacked DDC expression, although it is possible for
NE differentiation to occur in totipotential germ cell tumors
and multipotential blastomas (19, 20).

Modest levels of DDC were present in 20% of carcinomas
not considered to be of NE cell origin. These included 13 of
105 (12%) NSCLC lung carcinomas and 28 of 55 (51%) colo-
rectal carcinomas. Of the NSCLC tumors, DDC activity was
limited to adenocarcinomas and large cell carcinomas and was
not present in squamous cell carcinomas. Similar findings
regarding lung and colorectal carcinomas have been reported
previously (21, 22). Also, considerable concentrations of DDC
are present in the rat intestinal mucosa (10), and localization
studies suggest that the enzyme activity is not limited to endo-

6 A. F. Gazdar, unpublished observations.
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Fig. 2. Expression of dense core granules in cell lines. All of the lines illustrated also expressed CgA and mRNA and, with the exception of NCI-H460, were
positive for DDC activity.. I, small cell lung carcinoma cell line NCI-H69. The relatively sparse granules are mainly located in the ectoplasm. They vary in size and
shape, but most are relatively small. The clear halo around the granules is narrow, x 16,000. /', bronchial carcinoid cell line NCI-H727. Dense core granules were
present in every cell examined and were distributed throughout the cytoplasm, x 12,000. The insert shows a cluster of classic dense core granules, x 30,000. C, large
cell carcinoma of the lung cell line NCI-H460. Clusters of dense core granules are present in the paranuclear area around the Golgi. x 18,000. D, colorÃ©ela!carcinoma
cell line NCI-H716. Large dense core granules were detected in every cell examined and are scattered throughout the cytoplasm, x 12,000. The insert shows a single
dense core granule, x 40,000.

crine cells. We also detected DDC expression occasionally in
some other tumors of gastrointestinal origin, breast tumors,
and renal carcinomas. Because relatively modest numbers of
these tumors were examined, the frequency of DDC expression
by them cannot accurately be determined from this study.

We studied NSCLC and colorÃ©ela!tumors for expression of
other NE markers. Because fresh tumor material was rarely
available for electron microscopy, we supplemented their num
bers with cell lines derived from these tumor types. Because the
data from tumors and cell lines appeared similar, they were
pooled. There was excellent concordance between DDC and
both CgA and DCG in lung tumors. However, colorectal tumors
and cell lines expressed DDC frequently but usually lacked the
other NE markers. Evidence exists that peptide secreting cells
evolve certain general NE cell properties prior to their elabo
ration of specific peptide products (23, 24). These findings may
explain why NE markers in nonendocrine tumors may be
expressed concordantly or discordantly. In both lung and co
lorectal tumors and lines there was nearly 100% concordance
between DCG and CgA expression. CgA expression in SCLC

tumors and cell lines was readily detected by Northern blotting
techniques using 10 ^g of total cellular RNA. By contrast, the
presence of DCG is relatively difficult and time consuming to
document in SCLC tumors, because of the small size and
infrequent presence of the granules. Thus CgA expression may
be considered an alternative method to document the presence
of DCG in SCLC and other NE tumors. DCG represent the
cytoplasmic storage sites of the specific peptide and amine
products of NE cells. SCLC cells express multiple peptide
hormone products and contain high concentrations of DDC,
the enzyme required for amine production, as well as CgA
mRNA and protein, the major matrix substance of DCG. Our
findings suggest that the relative paucity of DCG in SCLC cells
may reflect a block in granule assembly.

DDC is a useful marker for tumors of the NE cell system,
and more than 80% of a comprehensive panel of NE tumors
expressed relatively high concentrations. By contrast endocrine
tumors of other types lacked DDC expression. The mucosae of
the respiratory tract and most of the gastrointestinal system are
of endodermal origin. While, the origin of the NE cells in these
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locations is controversial (22, 24-27), the relatively frequent
expression of DDC in NSCLC lung and colorectal carcinomas
is evidence for a common endodermal origin of all of the cells,
both neuroendocrine and nonendocrine, located in these mu-

cosae.
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